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Abstract  
AIM: We aimed to study the relationships between circulating 25-hydroxyvitamin D [25(OH)D], 
insulin resistance and leptin-to-adiponectin (L/A) ratio in Guadeloupean children and adolescents 
and to analyse the changes in 25(OH)D levels after a 1-year lifestyle intervention program. 
METHODS: 25(OH)D concentrations were measured via a chemiluminescence assay. 
Cardiometabolic risk factors, homoeostasis model assessment of insulin resistance (HOMA-IR), 
and adipokines were measured. The lifestyle intervention included dietary counselling, regular 
physical activity. 
RESULTS: Among 117 girls and boys (11–15 years old, 31.6% obese), 40% had vitamin D 
deficiency (25(OH)D levels < 20 ng/mL). With linear regression models where 25(OH)D and HOMA-
IR acted as independent variables and age, sex, BMI, L/A ratio as covariates, 25(OH)D was 
significantly associated with HOMA-IR alone (P = 0.036). HOMA-IR was also associated with BMI 
z-      ≥ 2, L/A ratio and an interaction term BMI z-score ≥ 2*L/A ratio (P < 0.001 for all). After one 
year, in 78 child                          2 (O )              g  f        f    2    ±      g   
               23 2 ± 6    f          ;   =     3 wh      B   z-score, HOMA-IR and L/A ratio 
decreased significantly (P = 0.003, P < 0.001 and P = 0.012; respectively). 
CONCLUSION: The association between 25(OH)D and HOMA-IR, independently of obesity and 
the high prevalence of vitamin D deficiency should be considered in order to prevent the later 
incidence of T2DM. A healthy lifestyle including non-sedentary and outdoor activities could be a 
way for improving vitamin D status. 
 
 
 
 
Introduction 
 
Vitamin D deficiency, a public health concern, 
define as serum 25-hydroxyvitamin D [25(OH)D] lower 
than 20 ng/mL (50 nmol/L) [1], is frequent in 
adolescents worldwide and particularly in presence of 
obesity. Vitamin D is mainly synthesised from 7- 
dehydrocholesterol by the skin's exposure to 
ultraviolet B (UVB) radiation. Circulating 25(OH)D is 
obtained from both UVB action and dietary intake, 
provides an indication of vitamin D stores. Any barrier 
to the penetration of UVB radiation into the skin may 
result in a decrease in circulating 25(OH)D. Melanin 
pigment may absorb the ultraviolet B photons 
responsible for the photolysis of 7-dehydrocholesterol 
to vitamin D3. Vitamin D deficiency has negative 
consequences on indices of insulin resistance (IR) 
and metabolic parameters [2]. 
In a previous study conducted in 
Guadeloupean school children and adolescents 
(children/adolescents), we found that obesity was 
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associated with an adverse metabolic profile including 
a high frequency of insulin resistance (89%) [3]. 
This should also be a concern in the island of 
Guadeloupe (FWI), in which the prevalence of diabetes 
is high and estimated at 8.1% [4]. 
Vitamin D deficiency may be a major 
contributor to the obesity-associated complications 
with potential interactions between 25(OH)D, weight 
status, IR and leptin and adiponectin cytokines. These 
adipocytokines have opposite effects on BMI and IR. 
However, the leptin-to-adiponectin (L/A) ratio has 
been proposed as a potential clinical tool for the 
assessment of IR [5]. Few studies on vitamin D status 
and IR in adolescents measured circulating leptin and 
adiponectin concentrations and still less in black 
adolescents or in those living in sun-rich climates [6-
9]. 
Thus, we aimed to evaluate the association of 
serum 25(OH)D levels with measures of obesity, 
insulin resistance and leptin-to-adiponectin ratio and 
to analyse the potential changes in 25(OH)D levels 
after a 1-year lifestyle intervention combining 
enhanced physical activity and diet counselling for 
the Guadeloupean children/adolescents. 
 
 
Subjects and Methods 
 
Study design and population 
The present study concerned a sample of 117 
children and adolescent, aged 11 to 15 years, from a 
previous study on overweight conducted in 
Guadeloupe Island (FWI) in 2013 [3]. In this study, 
volunteer healthy children from a middle school were 
enrolled to assess 1) their basal metabolic profiles 
according to weight status and 2) changes in these 
profiles after 1-year lifestyle intervention program. 
The current study targeted vitamin D status in 
conjunction with obesity and insulin resistance. 
Exclusion criteria included seizure disorders, 
diabetes, cardiovascular disease, pregnancy, and use 
of calcium or vitamin D replacement therapy. 
The study was approved by the Ethic 
Committee (South West - Overseas III, France). 
Written informed consent, to participate in this study, 
was obtained from all children and parents. Clinical 
and biological examinations were performed at 
baseline and one year later. 
The study protocol has been described in 
more details elsewhere [3]. Briefly, the 1-year lifestyle 
intervention program included 1) a nutritional 
information, focusing on overweight prevention and 
explaining healthy eating (with an increase in the 
consumption of fruits and vegetables and a 
decrease in the consumption of high-fat and high 
sugar meals) 2) Information on health risks for 
diseases related to lack of exercise and overweight 3) 
Encouragement for reduction of sedentary behaviors 
4) advice to achieve five hours per week of school 
physical education and/or physical activity outside of 
school and 5) Participation of parents. 
The school usually provided three hours per 
week of physical education, supervised by physical 
education teachers. These activities are outdoors 
except in bad weather. Phone calls were made to 
maintain adherence to the program. 
Survey data. Participants were interviewed 
and examined at baseline and 1 year after.  
Physical examination. Height in centimetres 
(cm) and weight in kilogrammes (kg) was measured 
with participants standing without shoes and lightly 
clothed. The body mass index (BMI) was calculated 
as weight/height
2 (kg/m
2
). The standard deviation 
score of body mass index (BMI z-score) was also used 
[10] and a BMI z-score ≥ 2 was considered as obesity. 
Waist circumference (WC) in centimetres (cm) was 
measured and the waist- to height ratio (WHtR) was 
calculated. Pubertal stage was assessed according to 
Tanner [11]. Tanner stages 3, 4 and 5 defined 
pubertal/postpubertal development. 
Laboratory assessments. Blood glucose level 
(mmol/L) was assessed using the glucose oxidase 
method. Serum lipid levels (mmol/L) were measured 
enzymatically. Serum insulin levels (µIU/mL) were 
measured using the COBAS 
electrochemiluminescence immune assay test 
(Roche Diagnostics, Basel, Switzerland). The 
homeostasis model assessment to determine insulin 
resistance (HOMA-IR) was calculated: [fasting insulin 
(μIU/mL) x fasting glucose (mmol/L) / 22.5] [12]. 
Plasma samples were frozen at -80 °  until 
measurements of leptin, adiponectin and 25(OH) 
vitamin D. Leptin ng/mL and total adiponectin 
(µg/mL) were measured with ELISA kits Biovendor® 
(RD191001100) and Alpc ® ( 7-ADPHUE-01) 
respectively. Plasma concentrations of 25(OH)D was 
measured via a chemiluminescence assay (DiaSorin 
SA, Antony, France), which includes 25(OH)D2 and 
25(OH)D3. 
These measurements were made 
concomitantly for the samples collected at baseline 
and one year after (end of the study). 
 
Definition of factors 
Weight status: The children were classified 
according to the definition of overweight and obesity 
by the International Obesity Task Force (IOTF) with 
three categories: normal weight (BMI<IOTF-25 
kg/m
2
), overweight with (BMI≥IOTF-25 kg/m
2 and 
BMI<IOTF-30 kg/m
2
) and obese (BMI≥IOTF-30 kg/m
2
) 
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[13, 14]. Abdominal obesity in children was defined as 
WHtR greater or equal to 0.5 [15]. Insulin resistance 
was defined by a HOMA-IR > 3.16 [16]. Vitamin D 
status was classified into the following three 
categories for 25(OH)D: deficiency (<20 ng/mL [<50 
nmol/L]), insufficiency (≥ 20 ng/mL [≥ 50 nmol/L] and 
< 30 ng/mL [<75 nmol/L]) and sufficiency (≥ 3  ng/mL 
[≥      l/L]) [17].  
 
Statistical analysis 
Data are presented as numbers 
(percentages) for categorical variables and as means 
±      ard deviations (SD) or median [inter quartile 
range] for continuous variables. Variables with a 
skewed distribution were log-transformed to approach 
a normal distribution.  
The chi-squared test and ANCOVA with 
adjustment for age, sex were used to test percentage 
and mean differences between groups according to 
the presence or absence of vitamin D deficiency and 
of insulin resistance. Non-parametric tests were used 
for comparison between data at baseline and at 1 
year. 
The Pearson correlation test was used to 
study the relationships between serum 25(OH)D 
levels, HOMA-IR and L/A ratio with other continuous 
variables. We also used the multivariate linear 
regressions in the overall study population to assess 
the associations of 25(OH)D concentrations and 
HOMA-IR index as dependent variables with age, sex, 
BMI z-score and L/A ratio as covariates. In addition, 
serum 25(OH)D concentrations or HOMA-IR were 
included in the models, as covariates, according to 
the dependent variable.  
The effects of the covariates were assessed 
by the values of the regression coefficients 
corresponding to the non-standardized regression 
coefficients (nSRC). IBM SPSS Statistics, version 21 
(SPSS, Chicago, IL) were used for data analyses. A P 
value < 0.05 was considered significant.  
Results 
 
Characteristics of the study population at 
baseline 
A total of 117 children/adolescents of both 
sexes, with a mean age of 12.5 ± 0.1 years, were 
concerned by the present study. Among them, 59.8% 
were girls. Most adolescents (98%) were Afro-
Caribbean (with high skin pigmentation). There 
were: 31.6% obese, 32.5% with overweight and 
35.9% of normal weight. The frequency of children 
eating at school canteen was higher in normal weight 
(53%) than in overweight (28%) and obese (30%) 
children; (P = 0.027), (data not shown). School 
canteens follow the recommendations designed to 
lower fat and sugar and increase vegetables and 
fruit in meals. Most children/adolescents (92.3%) 
were at pubertal/postpubertal stage (Tanner stage ≥ 
3) and none was receiving vitamin D supplement 
therapy. Means of serum 25(OH)D concentrations 
was 21.2 ± 5.1 ng/mL. Seventy-eight (66.7%) 
children were insulin resistant. Regarding the vitamin 
D status, 40% had a vitamin D deficiency, 54% a 
vitamin D insufficiency, and 6% had sufficient vitamin 
levels. The frequencies of vitamin D deficiency in 
obese, overweight and normal-weight were 51%, 37% 
and 33%, respectively; P = 0.233. Considering those 
who were obese, mean 25(OH)D levels were 
significantly lower than in the rest of the study sample 
(19.6 ng/mL v 21.9 ng/mL, respectively; P = 0.023). 
 
Characteristics of the children and 
adolescents in presence/absence of 
vitamin D deficiency and of insulin 
resistance 
Distribution of parameters according to 
presence/absence of vitamin D deficiency and of 
insulin resistance are summarised in Table 1. 
Table 1: Characteristics of school-children 11 to 15 years according to Vitamin D and Insulin resistance status  
    Vitamin D deficiency  Insulin resistance 
  All adolescents  No Yes P  No Yes P 
  n =117  n =70 n =47   n =39 n =78  
Age (y)   2   ±           ±      2   ±      0.979     8 ±      2   ±      0.237 
Sex (Girls)  59.8%  54.3% 45.7% 0.136  25.7% 74.3% 0.033 
T         g  ≥ 3   92.3%  94.3% 89.4% 0.327  92.3% 92.3% 1 
B   (Kg  ²)  2  2 ± 6 2  23 2 ±   22 2   2 ±    2 0.021  2  2 ±     2  8 ± 6 28 <0.001 
BMI z-score        ±            ±   23   32 ±      0.079     8 ±        3  ±      0.001 
Obesity (IOTF)  31.6%  25.7% 40.4% 0.094  10.3% 42.3% <0.001 
Abdominal Obesity  32.5%  15.4% 41.0% 0.002  27.1% 40.4% 0.158 
Fasting blood glucose (mmol/L)    83 ±    3       ±   38      ±    6 0.011       ±   36    6 ±   3  <0.001 
Leptin (ng/mL)  23 3  ± 20.44  2     ±  6 62 2     ± 2   2 0.266   3  2 ±  3  6 28 3  ± 2  3  <0.001 
            (µg   )       ± 2 6     86 ± 2       6 ± 2 3  0.010  6  6 ± 2 82   83 ± 2 3  0.001 
Leptin to adiponectin ratio       ± 6  3    8  ±           ±    8 0.026  2 6  ± 3.50    6 ±      <0.001 
HOMA-IR index       ± 3          ± 2 32   6  ± 3 63 0.003  -- -- -- 
HOMA-IR index>3.16  66.7%  28.2% 46.2% 0.062  -- -- -- 
25(OH)D (ng/mL)  2     ±       -- -- --  22 8  ±    2 2  33 ±    3 0.012 
25(OH)D (ng/mL) <20  40.2%  -- -- --  28.2% 46.2% 0.062 
 
         h                  ±                       g   B                  x;  O  -IR, homoeostasis model assessment-insulin resistance; 25(OH)D, 25-hydroxyvitamin D.  All p-
values are in italic and significant p-value are in bold italic. 
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BMI, WC, fasting blood glucose, triglycerides, insulin 
levels, HOMA IR index and L/A ratio were 
significantly higher whereas adiponectin levels were 
significantly lower in children with vitamin D deficiency 
or with insulin resistance than in the others. The 
leptin levels were significantly higher only in the 
presence of insulin resistance. There was no 
significant difference between groups for Tanner 
stages. 
 
Correlation between serum 25(OH)D levels, 
HOMA-IR index, leptin-to-adiponectin ratio 
and other clinical and biological 
parameters 
Negative correlations were noted between 
25(OH)D levels and BMI FBG HOMA-IR index, 
leptin levels and L/A ratio. Positive correlations were 
noted for HOMA-IR index and L/A ratio with BMI, BMI 
z-score, FBG. HOMA-IR index was also positively 
correlated with L/A ratio, Table 2. 
Table 2: Correlations between 25(OH)D, HOMA- IR index, 
leptin-to-adiponectin ratio and anthropometric and metabolic 
parameters 
Variables 
 
25(OH)D (ng/mL) 
 HOMA-IR index  Leptin-to-
adiponectin ratio 
 r P  r P  r P 
Age (years) 
B   (kg  ²) 
 - 0.03 
-0.220 
0.749 
0.019 
 0.18 
 0.50 
0.051 
<0.001 
  0.31 
0.80 
0.001 
<0.001 
BMI z-score   -0.13 0.178   0.39 <0.001   0.60 <0.001 
FBG (mmol/L)  -0.24 0.010   0.46 <0.001   0.33 <0.001 
HOMA-IR index  -0.29 0.001  -- --   0.58 <0.001 
25(OH)D (ng/mL)  -- --  -0.29    0.001  -0.24   0.011 
Leptin (ng/mL)   -0.25 0.008   0.52 <0.001  -- -- 
Adiponectin 
(µg   ) 
 
  0.17 0.079 
 
-0.38 <0.001 
 -- -- 
leptin-to-
adiponectin ratio 
 
-0.24 0.011 
 
 0.58 <0.001 
 
-- -- 
FBG: fasting blood glucose. 
 
Linear regression for 25(OH)D levels and 
of HOMA-IR index 
Table 3 presents the results of the multivariate 
linear regression exploring the association between 
25(OH)D levels and HOMA-IR with age, sex, BMI z-
score ≥ 2, and L/A ratio as independent variables. 
In model 1, for 25(OH)D levels, no significant 
association was noted with age, gender, BMI z-score 
≥ 2, L/A ratio and an interaction term BMI z-score ≥ 
2*L/A. However, a significant negative association 
with HOMA-IR was found (P = 0.036). The model 
accounted for 14% (r
2 = 0.14) of the variability in 
25(OH)D levels. 
In model 2, for HOMA-IR index, no 
significant association was noted with age and 
gender. HOMA-IR was negatively associated with 
25(OH)D and the interaction term BMI z-score ≥ 
2*L/A (P = 0.036; P < 0.001 respectively) and 
positively associated with BMI z-score ≥ 2 and L/A 
ratio (P < 0.001 for both). The model accounted for 
50% (r
2 = 0.50) of the variability in HOMA-IR index. 
Table 3: Multivariate linear regression for Vitamin D level and 
HOMA IR index in 117 adolescents 
Variables 
Model 1: 
25(OH)D levels (ng/mL) 
R² =      
Model 2: 
HOMA IR Index 
R² =      
nSRC (SE) P nSRC (SE) P 
Age (Years)  0.39 (0.47) 0.507  0.06 (0.23) 0.250 
Gender (girl)  
BMI z-      ≥2 
-1.85 (0.98) 
-1.09 (1.94) 
0.125 
0.956 
-0.21 (0.49) 
 3.21 (0.91) 
0.379 
<0.001 
25(OH)D (ng/mL) -- -- -0.08 (0.05) 0.036 
HOMA IR index -0.35 (0.20) 0.036 -- -- 
L/A ratio 0.04 (0.15) 0.761  0.34 (0.07) <0.001 
BMI z-      ≥2 *           -0.10 (0.18) 0.461 -0.24 (0.08) <0.001 
 nSRC: non-standardized regression coefficient; SE: standard error. 
 
Changes in 25(OH)D levels, in obese 
children, at one year of follow-up 
Overall, in 78 children/adolescents who 
accepted to undergo evaluation after one year, mean 
serum 25(OH)D increased from 21.4 ± 4.9 ng/mL at 
baseline to 23.2 ± 6.0 after 1 year; P = 0.003 whereas 
BMI z-score, HOMA-IR and L/A ratio decreased 
significantly (data not shown). 
Focusing on the 27 obese 
children/adolescents (table 4), we observed significant 
decrease in the BMI z-score (P = 0.009) as well as in 
HOMA-IR (P = 0.011) and L/A ratio (P < 0.001) and, 
serum 25(OH)D increased significantly f       8 ± 
4.5 ng/mL at baseline    2    ±     after 1 year; P = 
0.007. 
Table 4: Clinical and biochemical parameters at baseline and 
after 1-year of a lifestyle intervention program in obese 
adolescents 
 
Obese adolescents 
N = 27 
 
 Baseline One year after P 
BMI z-score  2  8 ±   2  2  8 ±      0.009 
25(OH)D (ng/mL)       ±      2   2 ±    2 0.007 
HOMA-IR index 6 32 ± 3       3 ± 3.95 0.011 
Leptin-to-adiponectin ratio     2  ± 8  3 8  3 ±    2       < 0.001 
 
 
 
 
Discussion 
 
In the current study, we observed a high 
frequency of vitamin deficiency (40%) in our healthy 
children/adolescents who not taking vitamin D 
supplement therapy and, obese children/adolescents 
were found with significantly lower circulating 
25(OH)D concentrations than the others. But, a linear 
regression model showed that serum 25(OH)D 
concentrations were related to insulin resistance and 
not significantly to obesity and L/A ratio. 
After a 1-year lifestyle intervention including 
diet counselling and encouraging increased physical 
activity, 25(OH)D concentrations increased 
significantly after this intervention suggesting that 
healthy lifestyle may protect against vitamin D 
deficiency in children/adolescents. 
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Vitamin D status in children/adolescents 
and relation with ethnicity and weight 
status 
The island of Guadeloupe is localised 
between the equator and the tropic of cancer, with a 
continual sunniness. Nevertheless, in this island 
population, mostly of African ancestry (Afro-
Caribbean), our healthy children/adolescents 
exhibited a 40% prevalence of vitamin D deficiency. 
Ethnic disparities in the prevalence of vitamin D 
deficiency have been documented with higher 
frequencies, in individuals having high skin 
pigmentation. Turer et al, in US children, documented 
vitamin D deficiency prevalence (< 20ng/mL) of 68%, 
38% and 12% in African-Americans, Latinos and 
Whites, respectively [18]. In an Italian study, non-white 
adolescents had extremely reduced median 25(OH)D 
levels (11.3 ng/mL) and only 5.9% of them had vitamin 
D sufficiency [19]. It should be noted that the 
prevalence of vitamin D deficiency in our adolescents 
is still less than that of the US African-Americans 
adolescents [18]. 
Our obese adolescents had significantly lower 
mean 25(OH)D levels than in rest of the study 
sample. Several mechanisms could explain the 
relationship between VitD deficiency and obesity. One 
hypothesis is the dilution or deposition of the ingested 
or cutaneously synthesised VitD in the large body fat 
compartments reducing its bioavailability [20, 21]. 
Decreased exposure to solar UV radiation and 
decreased outdoor activity are also potential 
mechanisms by limiting cutaneous VitD synthesis 
[22]. 
But, controversial results have been reported 
for the relationships between serum 25(OH)D levels 
and anthropometric measures in adolescents. 
Whereas some studies described significant 
associations with BMI, global obesity or measures 
of abdominal obesity [18, 23], some others did not 
find these associations [24, 25], suggesting that 
adiposity might not be the main determinant of vitamin 
D status in adolescents. 
The multivariate linear regression for serum 
25(OH)D levels, in the current study, showed no 
significant association with obesity and similar results 
were found when abdominal obesity was used in the 
model (data not shown), suggesting, as for other 
authors, that other factors, uncontrolled in the study, 
could have a stronger effect than obesity to decrease 
serum vitamin D levels [2]. Sun exposure time, the 
degree of skin pigmentation might also contribute 
significantly to vitamin D status. 
 
Vitamin D, insulin resistance and leptin-to-
adiponectin ratio 
We found an inverse association between 
25(OH)D levels and HOMA-IR, independently of 
obesity. Esteghamati et al also reported a linear 
inverse association between vitamin D and IR in non-
diabetics that were independent of obesity [26]. In 
the linear regression analyses, while serum 25(OH)D 
was associated with HOMA-IR alone, HOMA-IR per se 
was associated with 25(OH)D levels, obesity and L/A 
ratio suggesting an indirect relationship between 
obesity and 25(OH)D concentrations. 
Authors, in a paediatric study, have reported 
that low 25(OH)D concentrations are related to 
glucose intolerance and IR particularly in obese people 
[27]. Several mechanisms could explain the effect of 
vitamin D deficiency on insulin sensitivity and its role 
in promoting IR and glucose abnormalities: i) vitamin 
D receptors exist in pancreatic tissue and could be 
directly involved in the regulation of insulin [28], ii) 
Increased parathyroid hormone levels in the context 
of vitamin D deficiency could affect insulin sensitivity 
[29] iii) vitamin D deficiency would be associated with 
a high inflammatory response that predisposes to 
insulin resistance [30, 31]. 
The L/A ratio, a marker of IR [5], was inversely 
correlated with 25(OH)D concentrations but positively 
and more strongly correlated with BMI, BMI z-score, 
FBG and HOMA-IR (table 2). Leptin and adiponectin 
have opposite effects on inflammation and insulin 
resistance. High leptin levels increase the expression 
of pro-inflammatory and pro- angiogenic factors [32] 
and, in the same line, vitamin D deficiency 
predisposes to IR [30, 31]. In contrast, adiponectin 
induces the production of anti-inflammatory cytokines 
and improves peripheral insulin sensitivity [33]. The 
BMI independent positive correlation between 
25(OH)D and adiponectin documented by some 
authors in T2DM, suggests a potential role for this 
adipocytokine as a link between 25(OH)D and IR [34]. 
 
Changes in 25(OH)D after 1-year lifestyle 
intervention 
We have previously described the 
improvement in BMI z-score, leptin levels and HOMA-
IR after the lifestyle intervention particularly in obese 
adolescents [3] while increasing in HOMA-IR would be 
expected after one year with increasing age or 
puberty [35]. The 25(OH)D concentrations increased 
significantly after the 1-year lifestyle intervention 
confirming that reduction of sedentary behaviours 
improves vitamin D status, in adolescents. High 
25(OH)D levels have been positively associated with 
physical activity particularly when performed outdoors 
[36] and, adolescents who performed less than 3 
hours/week of outdoor exercise were found with a 
higher prevalence of vitamin D insufficiency [19]. The 
nutrition counselling and the continual sunniness of 
our island may have exerted additive beneficial effects 
on serum 25(OH)D levels in the present study even in 
obese adolescents. 
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Limitations and strengths of the study 
The potential limitations of our study include 
i) its small sample size, ii) the lack of information 
on food intake affecting serum vitamin D levels 
such as milk products (although milk is not generally 
supplemented in our country), on time of exposure to 
solar UV radiation and on measure of outdoor activity 
at baseline . Nevertheless, the present study has a 
number of strengths: i) the children were healthy, not 
receiving vitamin D supplement therapy, comparable 
(between vitamin D status groups) for age, gender 
and Tanner stage distributions and presented no 
associated diseases that could influence the vitamin 
D status, ii) the continuously warm and sunny climate 
and an ethnic homogeneity of the study population and 
iii) the longitudinal design providing data on changes in 
serum 25(OH)D, HOMA-IR and L/A ratio at the end of 
the 1-year lifestyle intervention. 
 In conclusion, insulin resistance that showed 
a strong association with vitamin D deficiency is 
common among obese adolescents but, obesity is not 
the main factor explaining vitamin D deficiency in 
adolescents. The improvement in 25(OH)D level could 
be due to increasing outdoor physical activity and also 
to improvement in the nutritional status. 
Patricians should encourage adolescents to 
have a healthier lifestyle with healthy eating, non-
sedentary and outdoor activities that may protect 
against overweight and also improve vitamin D status. 
Since natural foods rarely contain enough vitamin D to 
compensate vitamin D deficiency, vitamin D 
supplementation may be considered and particularly 
in severely vitamin D deficiency and in very obese 
adolescents. But, further investigations are needed to 
better understand the role of vitamin D in the 
occurrence of insulin resistance. 
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